Reservoirs are built to store water during abundance for possible reuse during scarcity; sediment incursion is the leading phenomenon that limit reservoirs to sustain this function. Therefore, modelling the rate at which reservoir accumulates sediments is critical in understanding the nature of the problem, the time frame within which it is expected to occur, and the best mitigation strategy that will maintain the reservoir service. This study investigated the sediment influx in three typical Sahelian reservoirs in Kano state using the bathymetric method. The reservoir capacities were found to be declining at different rates but with grave consequences on the future, and economy of the state. In prolific terms, the state is losing 490 million litres of water storage each year. Presently, Magaga lost 39% of its capacity; Thomas has lost 13%; while Kafin-chiri has lost 5%. For sustainability, this trend needs to be addressed. The short and long-term best management strategies to curtail this trend have been outlined in this study.
Introduction
Reservoir capacity loss is the foremost problem that affects reservoir function. Reservoir performance is deemed impaired if half of its capacity is lost to sedimentation [1] . Although, other serious problems related to sedimentation could appear even at a small loss of capacity. The functionality of a reservoir continues to be threatened as the reservoir ages with unceasing accumulation of sediments. Modelling of reservoir sedimentation and dregs management often requires a site-specific study; a specific site can give an insight into its complex nature and could provide a pointer for best management approach. The objective of this study is to investigate the sediment yield in a typical Sahelian climate of Kano, West Africa. The potential effects of these accumulated sediments on reservoir capacities and its implication on economic activities was also discussed.
Sediment influx and their deposit are the key factor that accelerates the impairment of a reservoir's useful life [1, 2] . Accumulation of sediments in reservoirs changes its morphological formation overtime [3] . Dam's sedimentation if not properly monitored and appraised could result in a reservoir reduced capacity, bed incision, and ultimately result in collapsed of a downstream bank [2] . Maintaining existing reservoir has no sustainable substitutes; reservoirs are built on the most viable sites to dam specific catchments, therefore, maintaining reservoir capacity to minimise sediment deposit by accurately estimating future load of sediments is not negotiable. Sediment deposit can be accelerated or decelerated based on the rainfall intensity, nature of soil, vegetation cover and topography of the catchment area [4, 5] .
The annual rate of sediment transfer to a reservoir is proportional to the yearly rainfall [6] and could vary with time [2, 7] . Two of the most important factors that have direct bearing on the sediment influx rate are land-use changes in the upstream due to anthropogenic activities [3, 6] and the reduced trap efficiency of the reservoir [3, 8] . Nguyen et al [7] noted 64% decrease in sediment yield into Son Tay reservoir within the first twenty-seven years of its service. The presence of sediments in a reservoir also deteriorates water quality and increases the risk of eutrophication thereby threatened the aquatic life [9] .
Study Area.
Kano is located in the Sahelian region of West Africa; it lays on latitude 11° 30′ north and longitude 8° 30′ east. It is the most populous state in Nigeria [10] . The current population of Kano on a head count is more than that of Belgium, Chad, Tunisia or Greece and twice that of Singapore, Jordan, Lebanon, Denmark or Finland. Kano state being the largest commerce centres in West is attracting numerous people to settle; thereby exacting pressure on its meagre water resources.
Kano state largely lies on the basement rock complex; therefore, the amount of water for domestic and agricultural use had to come from surface water [11] . Currently, it holds the largest concentration of earth dams in Nigeria [12] . The most strategic of these dams were conceived and constructed between 1968 and 1980 [13] . Among them are the Thomas, the Kafin-chiri and Magaga dams. Table 1 summarises the basic characteristics of Thomas, Kafin-chiri and Magaga dams. The location map of these dams was shown in Fig.1 , and the present contour of each reservoir is presented in Fig. 2(a) , 2(b), and 2(c) respectively for Thomas, Kafin-chiri and Magaga. Thomas dam was commissioned in 1976 with a total reservoir capacity of 60.30 MCM, out of which 3.7MCM was a dead storage. It was intended for water supply, fisheries, irrigation, wild life conservation and recreation. Runoff drains to the reservoir from a catchment of 585Km 2 from a confluence of three streams, the Tomas, Gembe and Boko, in addition to a spring from the neighbouring rock. At its deepest section, the embankment is 13.7m deep with a base width of 12.8m and the crest length span 5.3km. 
Description of reservoirs

METHODOLOGY
The present geometrical shape and depth of the reservoirs were obtained using the hydrographical survey method. The vertical and horizontal distances were obtained using a geographic positioning system (GPS) and a calibrated line. The use of GPS in the hydrographic survey is known to speedup data acquisition, and improve its accuracy and efficiency [16] . In addition, it also made data processing much easier. The vertical depth was measured using a handheld graduated lead line, while the parallel distances were measured using a differential GPS. The depth of the water at each point was obtained by lowering the calibrated line in every 5 to 10m horizontal distances, and the GPS was used to record the global positioning of each point. It was made sure that the calibrated line touches the bottom of the reservoir before any reading was called and recorded. The total station was used to capture additional data from the offshore area and also verified the existing benchmarks and established necessary control points. The data obtained was downloaded into a computer and processed using CivilCAD ® . The present capacity of each reservoir was estimated from the generated contour maps. Due to nonlinearity of contours, the area enclosed by each contour line was measured using a computer aided application. The Trapezoidal method was used in this study to calculate the differential volume of water impounded between two successive known contour areas. The trapezoidal formula provided flexibility of use and its extended application when the contours are segmented into manageable units.
Result and Discussions
The contour heights and intervals were not the same for all the dams. The heights were reduced in reference to the established reference level at the dam and related to the mean sea level (MSL), while the contour intervals were chosen to suit the size of the reservoir for better presentation during the data processing. The new reservoir volumes for each Dam were calculated and presented in Table 5 .
The present reservoir capacities were compared with the initial dam capacity for each dam. The difference between the two gave the capacity loss due to sedimentation. The computed results were presented in Table 5 . The percent reduction is an indicator of the volume of sediment deposited in each reservoir. Table 5 indicated that over the life time of each of the dams, there has been in flow of sediments into the reservoir thereby causing a shortfall from the initial capacity. The sediment deposition in Magaga reservoir has reached an unprecedented level that could compromise the reservoir function, followed by Thomas with 12% capacity reduction. Kafin-chiri has peered well among the reservoirs Applied Mechanics and Materials Vols. 773-774considered in this study, there was only 5% capacity reduction for its thirty-two years of existence. The global average loss of active reservoir capacity due to sedimentation is 50% spanning over twenty-five years for 10% of the dams surveyed by world commission of dams [17] . The report stipulates that the dams that are located at the lower reach of rivers are more prone to higher sedimentation flow.
Researchers differ on the trend of sediment accumulation in reservoirs. Some maintained that the initial accumulation rate is much higher [7] , others maintained it is fairly uniform [17] but affected by the yearly rainfall [8] . The world commission of dams [17] found that the active capacity of world's dams begins to decline at the onset of two and half years. Generally, the rate of sedimentation of small dams is higher than larger dams. Data surveyed from forty two dams in Morocco indicated that active reservoir capacity is depleting at a rate of 1.1% for smaller dams with reservoir volume of 500m 3 and 0.6% for reservoir with higher volume [17] . The dams considered in this study are categorised as large dams (dams having a minimum reservoir capacity of 1 MCM or having a deepest section greater than 15m, or a height of 10-15m but with a ≥500m crest length). The result from this study supported the world commission of dams' [17] conclusion on the rate of reservoir depletion based on their classification. Thomas dam with formative reservoir capacity of 60.30 MCM is depleting at the rate of 0.36% (0.21 MCM per year) over its useful life of 33 years. Kafin-Chiri with initial active storage of 31.12 MCM at the time of commissioning in 1977 is now depleting at the rate of 0.16%, while Magaga is being depleted at the rate higher than global average. The loss of reservoir capacity of these economical dams is of serious concern. Thomas and Magaga are losing 0.21 and 0.23 MCM each year respectively; while Kafin-chiri is losing 0.05 MCM each year. In productive terms, the state is losing 0.49 MCM per annum of water storage for drinking and irrigation from just three of its twenty five dams. This could be disastrous with the expulsion of its population.
Sedimentation potentially undermines the performance of dams. The world commission of dams [17] reported that between 0.5-1% of the worlds impounded fresh water in the existing dams is lost consistently to sedimentation in both large and small dams, and the report further estimated that 25% of the current planet's fresh water may be lost within the accompanying 11to 36 years, if good control measures to stall sedimentation were not implemented.
Regression analysis was performed to estimate the effect of sediment incursion into the reservoirs based on the data presented on Table 5 . Due to lack of continuous yearly sediment loss records, it is assumed that the rate of sediment flow is proportional to the yearly rainfall. The yearly rainfall of the state is fairly declining at a uniform rate [18] . Therefore, the loss of reservoir capacity was assumed to flow a linear model. capacity losses of 32, 13 and 98% from Thomas, Kafin-chiri and Magaga reservoirs respectively. This loss is equivalent to the present integrated capacities of Kafin chiri and Magaga dam. Fig. 5 is the modelled active reservoir capacity loss, and Eq. 1 is the numerical representation of the model. As indicated in Fig.5 , currently Thomas has lost 13% of its capacity; Kafin-chiri has lost 5%, while Magaga has lost 39%, this translates to total depletion of 17.5 MCM thus far. By year 2020, the state would be deprived of a whopping 20.4 MCM, corresponding to 16% loss of Thomas, 6% loss from Kafin-chiri and 46% loss from Magaga reservoirs. Magaga has lost 30% of its capacity since 2006, and presently the capacity loss stands at 39%, and successively it is expected to lose 50% of its formative capacity in the next 10 years. In the ensuing 10 years, Thomas would lose 17% of its commissioning capacity and gradually would lose 30% by 2060. Magaga reservoir has lost 2% of its capacity within just two years (1982) after its operation, the same percentage was lost by Thomas in the same year, but within a longer period of six years, Kafin-chiri attained 2% loss after 11years. This is indicative of the rate of sediment inflow to the reservoirs, and could be clearly deduced from the slope of each reservoir presented in Fig.5 . The decline in capacity of the three dams under study appears at a different time in their operational years. All the three dams indicated an initial 1% decline in their capacities after one year of operation, but thereafter, the rate remarkably accelerated. It took Magaga only four years after its operation to lose 5% of its capacity, it took Thomas thirteen years after commissioning to lose 5% of its capacity, while it took thirtyone years for Kafin-chiri to lose 5% of its capacity. This type of reservoir depletion rate was a serious threat to the sustainability of the reservoir [5] respectively. In the next 51 years period, the reservoir capacities of the state would be taken back to their statues in 1976. This portrayed grave danger giving its current population size, which is appreciating at 3.5% yearly [10] . With decreased rainfall depth, and an exploded population alongside the reduced dam's capacities poses a great threat to the sustainability of available water for domestic and agronomic purposes. Desirably, the impounded attainable fresh water for agricultural and domestic uses should appreciate at least at the same rate with the population growth indices.
Conclusion
From this study, it was clear that, not only are the dams in Kano aging, but they are also losing their social and economic values. An intervention is needed to reduce the sediment inflow to Kano dams, especially, the Magaga dam, as quickly as possible. The rate of sedimentation of the Magaga dam was above the world average, while the rate of sedimentation in Thomas and Kafin-chiri were within the world brackets. The state is losing 490 million litres of water storage for drinking and irrigation yearly from just three of its twenty five dams. This could be disastrous with the expulsion of its population and declining reservoir capacity. The state needs to device both technical and management strategies that will limit and slowdown the transportation of sediments into its reservoirs. In the short term, limiting soil erosion from the reservoirs' catchment areas should be given a priority; this could be achieved by construction of sediment entrapment structures at the off-stream. The second short term measure, could be the removal of sediments in the reservoirs by hydrosuction or by mechanical dredging. Reservoirs don't last forever, therefore, in the long term; there is a need for the construction of additional reservoirs, which will incorporate a sediment equilibrium balance. The viability of these recommendations would most likely depends on hydrological, physical, and financial parameters. Therefore, there is a need to further study the effect of sediment erosion in these reservoirs at catchment scale.
